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3 AIRLOADSINVESTIGATIONOF ANO.030-SCAL.EMODELI

" (

) OF THE SPACESHUTTLEVENICLE

140A/B LAUNCHCONFIGURATION(MODEL47-0TS)

IN THE ARC9-- BY 7-FOOT UNITARYPLANWINDTUNNEL

.... FORMACH1.55 AND2.2 (IAI4B)

VOLUME1

_: By R. L. Gtllins, Rockwell International Space Division

ABSTRACT

_:: Tht_ report presents results of tests conducted on an O.030-Scale

launchconflgurationn_delof the Space ShuttleVehicle 140AIB in the NASA/

-- ' ARC9- by 1-Foot Unitary Plan Wind Tunnel. Aerodynamic loads data were _

:::_ obtained at Mach numbers of 1.55 and 2.2.
% .

.... Surface pressure distributionswere obtained stmuJtaneously with six-

component stabtlt.ty and control force data on the complete launch conftgu- t
' ratio.. The configuration consisted of the orbiter, an external tank, two

:,: solid Pocket boosters, and associated _ntercomponent attach hardware. Angles

of attack and sidesltp from -8 degrees to +8 degrees were investigated.

The tests, designated IA14B, were conducted from 17 September 1973 through

1_ September 1973.
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INDEXOF DATAFIGURES(PRESSURE)- CONTINUED

The plotted pPessure data, presented as a function of angle of side- _'_
slip, angle of attack, and geometric parameters,are representative of the _
tabulated data presented in Volume 2. A summaryof the pressure data ':
plotted is given below. _'

GEOMETRIC _'
DATASET PHI BETA ALPHA PARAMETER
PLOTTED COMPONENT MACH SCHED. SCHED. SCHED. SCHEDULES

RB3B12 ORB. FUSELAGE 2.2 (A) (A) (A)
RB3B13 ORe. FUSELAGE 1.55 (A) (A) (A)

RB3T12 EXTERNALTANK 2.2 (B) (A) (A)
RB3T13 EXTERNALTANK 1.55 (B) (A) (A)

RB3S]2 SRMBOOSTER 2.2 (C) (A) (A)
RB3S13 SRMBOOSTER 1.55 (C) (A) (A)

RB3UI2 UPPERWINGSURF. 2.2 - (A) (A) Y/BW (A)
RB3LI2 LOWERWINGSURF.

RB3UI3 UPPERWINGSURF. 1.55 - (A) (A) Y/BW (A)
RB3LI3 LOWERWING SURF.

RB3V12VERT.TAIL LT. SURF.2.2 - (A) (A) Z/BY(A)
RB3R]2 VERT. TAIL RT. SURF.

RB3Vl3 VERT. TAIL LT. SURF. 1.55 - (A) (A) Z/BY (A)
RB3RI3 VERT. TAIL RT. SURF.

I ('t "'"°'l"i RB3C13 ORBITERBASE 1.55 D) (A TAP NO. A).

RB3E]3 (}MSNOZZLE 1.55 .... A) (A) X/LNM (A

i RB3X14 SRHBASE 2.2 C) X/LS

RB2Y12 E.T. BASE 2.2 (O) IA) (A1 TAP NO. IB)RB3Y13 E.T. BASE 1.55 (D) A) (A TAP NO. B)

RB3113 ORB. ATTACHPOINTS 1.55 - (A) PLOTS

I
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,i INDEXOFDATAFIGURES(PRESSURE)- CONCLUDED

GEOI4ETi_IC
DAI'ASET PHI BETA ALPHA PARAHETER .
PLOTTED cOH.PONEN.T I_IAC...__HSCHED,.____.SCHED.SCHED._.__.L.SCHEDULES..

_: RB3214 E. T. A'i'TACHPOINTS 2.2 PL01"S (B PLOTS

RB3314 E. T. BASERAKE 2.2 (F (B TAPNO.

PARAHETERSCHEDULES

ALPHA ,:.

SCHEDULES(A) -8, -4, O, 8
(B) -8,-4,0

BETA ,"

.- ...--.8.,-4, O, 4, 8 .....
.. :_ ::

PHI

Iii O, 20, 40, 55, 70, 90, 120, 135, 150, 165, 180

B O, 30, 60, 90, 120, 135, 150, 165, 180, 270
O, 45, 90, 135, 180, 225, 270, 315 'i
o i

: 135, 180, 225 j
(F) 180

Y/BW (A) .299,..364, .427, .534, .673, .780, .887 _i
Z/BV

(A) .158, .316, .600, .840, .925

X/LNH ,,
(A) .2, .4

r . X/ LS

(A) .948, .979, .993

TAPNO.

A) 1, 2, 3, 4, 5B) 501,502,801,802,803,804
_. (C) 790, 789, 788, 787
.,_ ,f

} 7
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INTRODUCTION ':

The O.030-Scalp Aero Loads Space Shuttle model was tested tn the ARC

:Unitary Plan Nind Tunnel as follows:

IA]4A 4 thru 13 Sept. 1973
IA14B 17 theu 19 Sept. 1973
OA22A 13 thru 14 Sept. 1973
OA22B 19 thru 20 Sept. 1973

The testing was conducted tn the 11-foot and the g- by 7-foot tur _1-.

of the ARCUnitary Plan Wtnd Tunnels. The IA14A/B tests were Cot the launL

configurations at Rach numbersfrom 0.6 thru 2.2. The OA22A/Btests were For

' the orbtter alone configurations at Mach numbersfrom 0.6 thru 2.2. The el-
l

_ facts Of control surface deflections were also investigated in tests oA22A/B.

i Thts report for test IA14B consists of two volumes. The first volume

contains al1 force data and the plotted pressure data. The second volume

cOntains the tabulated pressure data.

Volume No. Contents Page

1 IA14B force data
IA14B plotted pressure data

2 [A14B tabulated pressure data

I_l Orbiter fuselage (B) 1-84Orbiter base (C) 85-108
OtiSn_zzle (E) 109-136

de OHSpod outside (HI 161-184
: Lower wtng surface L) 185-2_8

Upper wtng surface U) 289-392
i Left verttcal tat1 surface (V) 393-428
i Right verttcal tat1 surface (R) 42g-464

IJkl SRMbooster (S) 465-528i. External tank (T) 529-596
i: (1) SRMnozzle (X) 597-608

I I:I External tank base & SRMbooster base (Y) 609-632_ Orbiter attach potnts (1) 633-700
o) External ta_k attach points (2) 701-730
p) External tank base rake (3) 731-738

R
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PLOT
S_OL S_BOL D_ON

. speed of sound; m/see, ft/vec

Cp CP pressure coefficient; (Pl " P_)/q

M _CH Mech number; V/e

p pressure; N/m2, p.f

q Q(NSM) dynamic pressure; 1/2#_, N/m2, psf
Q(P )

_/L _,/L unit Reynolds number; per m, per ft

V velocity; _sec, ft/sec '

ALPHA angle of attack, degrees

BETA angle of sideslip, degreeb

PSI angle of y_w, degrees

PHI angle of roll, degrees

p mass density; k_m 3, slugs/ft3

Reference & C.G. Definitions

_b . base area; m2, ft2

b _EF reference span; m, ft

e.g. center of _evity

reference length or wing mean
_ero_amie chore: m, ft

S SREF wing area or reference area; m2, ft2

MRP moment reference point

XMRP moment reference point on X axis

• YMEP moment reference point on Y axis

2_RP moment refer_ne,_ point on Z sxis

SUBSCRIPTZ

b b_se
i local

._tatl_conditions
t tot_l conditions
m free stream

9
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NOMENCIA'I'JRE (Continued) _,
/

Bo_,y-AxJ.sS_stem _,

PLOT _"

SYMBOL S_4BOL D_NITIC_ ,

C_I normal-force coefficient; normal force . i,!

CA CA axial-force coefficient; axial force ,iqs

CY side-force coefficient; side force '_
qS _

CAb CAB base-force coefficient; base force _'
¢S _!

- p®)/qs ' !

CAf CAF forebody axial force coefficient, CA - CAb <.

Cm CIM pltching-moment coefficient; pitching moment
qslm

Cn CYN yawing-moment coefficient; yawin_ moment
qSb

C_ CBL rolling-moment coefficient; rollin_ momentqSb

Stability-Axis System

CL CL lift coefficient; llftqS

CD CD _rag coefficient; drag _
qS

CDB base-drag coefficient; base dragqS

CDf CDF forebody drag coefficient; CD - CDb i

Cy 6"/ side-force coefficient; side forceqS

Cm CLM pitching-moment coefficient; pitching moment

Cn CI/_ yawing-moment coefficient; swin_entqSb

C_ CSL rolling-moment coefficient; rolling momentqSb

L/D L/D lift-to-drag retlo; C_C D
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i: -I/ NOHENCLATURE(Contlnued)
AdditionstO Standard Ltst

Plot :,
_ _finltjon !

m_el base area, subscriptIs base orlflcenumber
A( ) and Identifies locatton

CAb CAB model base axial-force coefficient ....

model static pressure coefficient, subscript ts

Cp( ) ortfice number, [P(.) - P_,]/q

CAU CA axt al-force coefftct ant, unadjusted

CAF CAF forebody axial-force coefficient, C_ adjusted forbase terms

ET external tank

IV ........ integrated vehtcle, consists of orbtte_, external
tank, and two sol td rocket motors ,_

J_REF LREF reference length, inches

NRC momentreference center

DIeS orbital maneuvering system

6e ELEVON elevon, surface deflecton angle, positive deflection
tralllngedge down, degrees

_f BDFLAP orbiter body flap deflection angle, postttve de-
flection angle ts tratllng edge down, degrees i

5R RUDDER rudder, surface deflection angle, positive deflection _;
tratltng edge to the left degrees

6SB SPDBRK speed brake deflection angle, spitt rudder deflection
angle, left spltt rudder tratltng edge left and rtght
spltt rudder tratltng edge right, _SB = (6RL + 6RR)/2' i
positive deflection, degrees

t ORBINC incidence angle between the orbiter and external
o tank, t o = % - _T, degrees

ST BETAT angle of stuesltp of external tank

11
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NOMENCLATURE(Continued)

aT ALPHAT angle of attack of external tank

LB LB length of orbiter body, in

LT LT length of exter.nal tank, in
,!

_s LS length of SRMbooster, in :)

_NM LNM length of OMSnozzle, positive direction forward.
of exit plane, in ..

J_NP LNP length of MPSnozzle, positive direction forward"
of exit plane, in

b/2 BW wing semi-span,in

bv BV verticaltail span, in

x X distancefrom componentnose, in

y Y lateraldistancefrom centerline,in

z Z vertical distance measured from W.L. 500 (vertical
tall referenceroot chord),in

cw CW local wing chord, in

cv CV local verticaltall chord, in

x/_ B X/LB long ! tudi hal post ti on/orbi ¢er body length

X/_T X/LT longitudinal pos';tion/external tank length

x/_ s X/L longttudinal position/booster length

X/_NM X/LNM longitudinal position/OMS nozzle length

x/L_Np X/LNP longitudinal position/MPS nozzle length

x/c w X/CW local chordwtse position/local wing chord length

12

J
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NOMENCLATURE(Concluded)

:., x/cv X/CV local chordwtseposition/local verttcal tall
i,, chord length

, n Y/Bg local spanwtseposition/wing semi-span
! •

i,_ nv Z/BV local spanwtseposition/vertical tat,1 span
)i:

, Xcp/L XCP/L center of pressure distance from MRC,expressedasa fraction of bodylength

¢0 BETAO angle of stdesltp of orbiter

aO ALPHAO angle of attack of oPbtter

i.

t
I,

_r
t

i,-
@

?

'1
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_. CONFIGURATIONSINVKSTIGATED

iI The 0.030-scale Aero Luads Model, 47-0TS, was configured after the

i; ShuttleVehicleMCR 0200 BaselineRI, as definedin drawingnumberVL72-

!: 000088B. The orbiterwas a combinationof the VL70-OOOI40Aorbiterand

i. a VL70-OOO140Bwtng and midbody, from which the 140A/B designation was

:_ derived. The basic launchconfiguration,designated01TI2 S12 N25,

consistedof the orbiter,an externaltankwith slmul&tedfuel and vent

lines, and two solid rocket _osters.

Two launch conftgu_tions were tested. Both were mounted on a dual
!,

; balanceand sting arrangementillustratedin figure 2c. One was the

i: basic configurationmountedon a dual balanceand sting arrangementIl-

lustratedin figure 2a. The secondconfigurationcontainedsimulated

attach hardwaredesignatedATII, which was attachedto the orbiterbut

not to the external tank, illustrated in figures 2b and 2d. The SRB-to-ET

attach hardwarewas simulatedat the forward attach locationbut not at

the aft attach location. Model and componentgeneralarrangementsare

shown in figures2d through2n.

Component Description

Ol 140A/Borbiter,less the main p_pulslon
system nozzles

TI2 224-1nchdiameterexternalta_k with oglve
_,_seand external fuel and vent lines

$12 143.3-Inch diameter solid rocket boosters _i

N25 Nozzles for $12 bGosters

ATII Orblter-to-ETattach hardware,fixed to
orbiteronly

C

_/-_° i--"
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LV 01 T12 $12 N25

LVAP 01 T12 $12 N25 AT11

The orbiter, 01, consisted of the following compoents:

B26 C9 F8 M7 N28 V8 R5 Wll 6 E:26.

BZ6 Double delta wing fuselage, 140A/B

C9 Canopy, 140A

F8 Body flap, 140A

M7 OMSpods, 140A

N28 ONSnozzles, 140A

:-:, V8 Verttcal tat1, 140A

" R5 Rudder, 140A

.o., Wll 6 Double delta wlng, 140B

E26 Elevons, 140B

Parametric investtgat.tons were ltmtted to angles of attack and side-
;_.

i; slipwith all orbitercontrolsurfacesat 0° deflectlon.

_:_-.

,C"
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INSTRUMENTATION.DESCRIPTION

The left side of the orbiter and the external tank, and the left hand
i:

SRBwere extensively instrumented with pressure orifices for measurementof

surface static pressure distributions. Additionally, there were clusters

of orifices around inter-component attach structure locations on the right

hand side of the orbiter and external tank. The orbiter contained 471

operational orifices, of which 83 were clustered around attach structure.

The external tank contained 270 operational orifices, of which 127 were

clustered around attach structure. The SRBcontained 124 operational

orifices. A two-tube total pressure rake was Installed in the openthg between

the orbiter and external tank. Tables and sketches defining orifice locations

are tncluded in this report. All model pressures were measuredby model

mountedScantvalve, Inc., S-type scantvalve modules - b_Olve in the orbiter,

seven in the external tank, and five in the SRB.

Force instrumentation consisted of a six-component fnternal force

balance in both the orbiter and external tank for the LV and LVAPconfigura-

tions.

16
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TESTFACILITYDESCRIPTION

The tests were conductedtfl the Amesg- by 7-Foot SupersonicWind

Tunnel. Thts tunnel is a variable density, continuousflow type wttll an

adjustable nozzle to pemtt supersonic testing over a Machhumberrange

continuously variable from 1.5 to 2.5. The nozzle ts of the asymmetric,
T

s14dlng-block type in whtch the variation of the test sectioh Machnumber

is achieved by translating, in the stre_ise direction, the ftxed-conteur )
block that forms the floor of the nozzle.

17
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DATA REDUCTION

Data were reduced to coefficient form about body axes using the

following reference constants:

SREF = 2.421 ft 2 reference area for force and momentcoefficients

_REF " 38.709 in referencelengthfor moment coefficients

A1 = 0.07670ft2 Orbiter.stingcavity

A2 = 0.21340ft2 Orbiterheat shieldbase..

A3 = 0.08S60ft2 OrbiterOMS base (2)

A4 = (seetable below)Orbiterspeed brake base

A501= 0.07266 ft 2 Tenk sting cavity

A502 = 0.44264 ft 2 Tank base ..

A801 = 0.19600 ft 2 SRMnozzle base (2)

A802 = 0.16590 ft 2 SRMskirt base (2)

6SB = 0 deg A4 _ 0 ft 2
14.92 0.02327
24,92 0.03866
34.92 0.05370
54.92 0.08252
84.92 O.12083

XM_p = 0 in

YMRP = 0 in

ZMRp = 9.999 in

18
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The Incidence angle between the orbtter and the external tank ts

equal to zero for angle of attack an_ ngle of sideslip. Therefore, the

angle of attack, ALPHA,used tn the force plots is equal to ALPHAO. Also

the angle of sideslip, BETA, used tn the force plots ts equal to BETAO.

The force and momentdata recorded by the orbtter and external tank

balances for configurations LV and LVAPare |dentifted as RB3_XXand

RB3IXXdatasets, respectively.
?

The pressure data wererecorded for each compone_,t. The fourth char-

acter tn each dataset identifier (i.e., RB3BXX,B for fuselage) represents

the individual component. The following ltst Indicates the s_bol for

each component.

SYMBOL COMPONENT

;. B Orb1ter fuselage

: C Orbtter base

_; E OMSnozzle

F Body flap

' M OMSpod outside

L Lower wtng surface

U Upper wtng surface i

R Right vertical tail surface
, (

i,: V Left verttcal tat1 surface

.:_ S SP,M booster

:! T External tank

O0000001-TSBIO



! I ! I I 1 ,L

SYHBOL COMPONENT :,

X SRMnozzle

Y External tank base & SRF1booster base

1 Orbtter attach points

2 External tank attach potnt._

3 External tank base rake

2O
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I. Orbiter- LinesandConfigurationControlDrawings

2. VL70-OOOI4OA,OrbiterConfigurationControlDrawingMCR0200
Baseline

3. VL70-OOO143A,LinesControl,Vehicle4 ForwardBody- Cabin-
CanopyMCR 0200Baseline

4. VL70-O00200,LinesControl,Midbody- Wing- BootFairing
MCR 200R3 dated7-2-73

5. VL70-OOOI4S,LinesControl- Aft Body- OMS/RCSPods,MCR.0200-
Rl Baseline

6. VL7O-OOOI46A,LinesControl{Vehicle4) VerticalTallMCR 0200
Baselt ne

7. External OxygenHydrogenTank (EOHT)- Lines and Configuration
Control Drawings

8. VL78-OOOO41B,Exte_al Tank - Configuration Co,trol MCR0200
Baseline R2

9. VL78-ODOO24A,StructUral Assy- External TankMCR0200 R2

10. VL78-ODOO31AoTheme1 Protection - External Tank, mR 0200
Baseltne

11. Solid Rocket Boosters (SRB) - Lines andConfiguratiOn Control
Drawings

12. VL77-OOOO36A,SRBConfiguration Control MCR0200 R1

13. VL77-000041,SRBBooster Assy, MCR0200 R1

14. Integrated Vehicle - Lines and Configuration ContrOl Drawtngs

15. VL72-OOOO88A,Shuttle Configuration MCR0200 Baseltne R1

16. VL72-000089,SRM-ET-Orbtter lnt- .. disconnects RCR0200
Baseli ne

17. VL72-OOOD75,External Tank to SRBAttach Interface MCR0074
Baseline

18. Aeru LoadsModel47-0TS - Model Fabrtcatton,..Assemb,lyand

_" InstallatlonDrawings
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19. SS-A00119, Orbiter Assy- .030 Scale Pressure/Loads Hodel
(140A/B Llne_)

20. SS-AO0120, Assy &Detatls - EOHT- .030 Scale Pressure/Loads
Model (140A Ltnes)

21. SS-A00121, Orbtter/EOHT Att.achments .030 Scale Pressure/Loads
Model (140A Lines)

22. SS-A00122, Assy &Detatls - SRH- .030 Scale Pressure/Loads
Node1 (140A Ltnes)

23. SS-AO012%Assy & Details - Forebody - .030 Scale Pressure/Loads
Model (140A Lines)

24. SS-A00124, Assy &Detatls - Aft Fuselage - .030 Scale Pressure/
Loads Hodel (140A Lines)

25. SS-A00125, Assy &Detatls - Wing Splice Plate & Cuff - .030
Scale Pressure/Loads Hodel (140A Lines)

26. SS-A00126, Assy & Oetatls -Verttcal Stabilizer - .030 Scale
Pressure/LoadS Hodel (140A Lines)

27. SS-A00127, Ames11-ft x ll-ft Wtnd TUnnel Installation-
.030 Scale Pressure/LoadS Hodel (140A/B Ltnes)

28. SS-A00128, Ames9-ft x 7-ft WtndTunnel Installation - .030
Scale Pressure/Loads Model (]40A/B Lines)

29. SS-AO0130, Ltnes Control -Proftle VL70-OOO140A- .030 Scale
Pressure/Loads Hodel (14_/B Ltnes)

30. W-1104S, Sttng - AmesHK 11 4" Balance (Hale End), Ames
HK XX 2,5" Balance

31. W-1105S, Sttng- AmesHK ]! 4" Balance (t4ale End), R! HK ! 2.75"
Balance

32. W-1106A,Adapter - AmesRK 11, 4" Balance (_le E Female)

33. W-1107A, 13.5 ° Bent Sttng Adapter/lines HK.[I .4" Ba.lance (_ale &......
_ Female)

_.',
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34. (DMS-DR-2084), "Atrloads ]nvesttgat|on of an O.030-Scale Model of
the Space Shutt],_ Vehtcle 140A/B Launch Configuration (Model 47-0TS)
tn the ARC11-foot Unitary Plan Wind Tunnel for Mach Range0.6 to

. 1.4 (IA14A)"

35. (DMS-DR-2130), "Airload_ Investigation of an O.030-Scale Model of
the Space Shuttle Vehicle 140A/B Orbiter Configuration (Model 47-0)
in the ARCll-foot Ilnttary Plan Wind Tunnel for Mach 0.6 and 0.9
(OA22A)"

36 (DMS-DR-213I), "Airloads Investtgatiot, of an O.030-Scale Model of
the Space Shuttle Vehicle 140A/B Orbiter Configuration (Model 47-0)
in the ARC9- by 7-foot Unitary Plan Wind Tunnel for Mach ].55 and
2.2 (OA22B)"
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TABLEI.

,TEST: IA-14B , , I IpATE:9-19-73 _;
TESTCONDI11ONS

REYNOLDSNUMBE_ DYNAMICPRESSURESTAGNATIONTFJIPERATURE i ._
MACHNUMBER (perunitlength) (pounds/sq.ft.) , (deFm FaMenheit) ,:

i i, i

1.55 2.0 x 106 430 120

2.2 2.75 x 106 580 120

i i 'i

BALANCEUTILIZED: 2.5-tn HK XX (ORB.), 2.75-tn HK Z (ET) .
COEFFICIENT

CAPACITY: ACCURACY: TOLERANCE:
"HK XX HKI HK XX HKI

NF ._000 7500 _ _,L

SF 3000 3750 _ 0.2¢
AF 600 700 0.2.g.O. 2_

PM . . ..,... t

RM -,.4GO04000 O"2_ O.2_ ,. i

YM

COMMENTS:

24
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TABLEIl I . - MODe.Dl:l_fflO_I, IIA_

:_ MODEL C_PON_T. ATTACH STRUCTURE - ATIt
m ,

: GENERAL DESCRIPTION: Attach structure, same ag ATIN except the forward

_ &tt_eh str_%s are rotated to" the vertical.._a the structure eKt_._g

fi_m the orbiter but Is not attached to the t--_.

•:, MODEL SCALE: O.O_O

i l DIMENSIONS: FULL SCALE MODEL SCALE

_:i FORWARDATTACH
Orbiter to Tank

Location- In.

:_ XT 1133.000 _g.gc_

:' Clearance, tank to strut - In. . 16.667 o._

Orbiter to Tank

i Clearance, t_uk to strut - In. 8.333 0.2 ._0
!.'

_ AFT ATTACH
_. "" Orbiter to Tank

: Clearance, _Xknk to strut - In. _ 0.250

Crossover Rod

Clea_ance, tank to strut - In. _ 0.2_0

_ 27
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TABLEIII. - Continued.

I

BODY- BHODELCO,_PON[t:T: . 26
i

t

'_ SENE._ALOESCRIPTION:. Orbiter Fuselalle Configuration 140 A/Bi i i i i

NOTE: B76 identical t o g_4 except, underside o£ fusclagc refaired to

accept W116"

Model Scale = .030
eL •

VL70-000193

DRAg,INGNU!'_,BER: VL?O-O0O14oA '

DIMENSIONS,: FULL-SCAL,[ I_ODELSCALE

i Length (BodyFwdSta Xo = 2._8) - in. ]_9_.3 38.799

Hax. gtdth (at Xo = 1520] - in. 262.0, 5.860,

"_ U , , ,_ I_x. Depth (at Xo 1464) - in. 250.0 ?.SO0

Fineness Ratio .,0._7 ,0.263_?

• J_ea - tt 2

MaX. Cross-gecttonal _ 340.88462 O.30679

, PlanfOrm _ -

, getted l¢ Jii

Base __
L

i .

i

' 28 ,,
i
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TABLEIII. - Continued.

_t ._- MODEL COMPONENT: CANOPY- C9 ;
_ I I

#
• |.

GENERAL DESCRIPTION: _ Conf:l._,.lz_t,:l.on.3_"

I I i

I I I i

Yxxtel Sc&le - ;030

VLTO-O30_,Oa

DRAWING NUMBER . vL?O_CE)O_I,_,

DIMENSION, FULL SCALE MODEL SCALE
• _ • nil in

Length (Xo=t_3/_.6&31;o 6701 2)5;35? 7.06071
4

Max Width (._Xo=513.127) . 152./_12 4.57236

Mox Depth C_ Xo--_85.0) 2_.000 0.Ts000
u

• •

FiMness Ratio .."

Amo
O

_ M_ Crms-Sect;onol n _ n l nmm

Plonform

, Wetted

__ t nl

t.

*

29
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:_ _ TABLE Ill. - Continued. '

MODELCO_,IPOrlUtT: ELEVON- E26 " J _Ill I i i I I l

Co,._,=_.Icn 4GENERALDESCRIPTIO;(: ""_" *

W_..E: VL?O-OOC40Odr.t_, far (!) cf (2)_ sides• Identical to E2S except..

airfOil thickness .
i'
i"

I'_dolScale = .@30
i_ •

• VLTO--O05_X)

D._A.WII'S f_U.'49ER: _rb70-OOOL_O_

OI_HENSIONS: FULL-SCALE f4ODELSCAL[

Area , 223. 501_ 0..20122

Span (equivalent) )68.3& 11:,0_020

T Inb'd equivalentchord ,3-1"9"623 x__n_,
i'

, Outb'd equivalent chord 55..1922 _

Ratto _vable surface chord/
• total Surface chord

At Inb'd equtv• chord ,,, 0._096 0.2096mmmmmmmi_w_

At Outb'd equiv, chord i O•_m_ 0._00_ ,

Sweep Back Angles, degrees
-:

: L'eadi Edg... :. ng e 0.00 . 0.00• e 4mm_. i i

" ........ 056 1oo56• ..,...,,,_TaJ_n- Edge "- " • " " .

Hingeline 0.00 0.00__. I i i

Area Moment (Nomal to hinge line) 851.1502

, • °

I

- _ 30
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TABLEIII. - Continued.

,.,, MODEL COMPONENT: ,, , Body Flap _- F8 ....

GENERAL DESCRIPTION: 3onfi_,_z-r.tion /,i i J ii I

I II i i

+ .

i I I

Model Scale - .030 ' =
DRAWING NUMBER VLT0-000140B, VL70-000200

01MENSION. . FULL SCALE MODEL SCA,LE

_,_th i.. .. _.? _..5._.....
Mox Wldth in. . 262.308 7.RKg2a

Max Depth in. 23.000 ,, ,,^^,,,,,,.
• • _ _ww_ vvv

fl_eness Ratio ,

Area - £t 2

"- _AaX Cross-SecflonoJ

Plonform " IS8.85350 O. 14297 _,
I ....

Wetted

Base 41.89642 " " 0.03771
I ,,i

+

, .oFz:xm,u,ZeZ .

*

31
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TABLEIII. - (onttnued.. ' I

1.1
MODELCOMPONENT: 0MSPOD- H7 ! ''

J_ I I III III _ J I i "

I

GENERALDESCRIPTION: _,or_ei_,,_--r,tton _A .
o •

fl II LI l I

• I I I I I I II el

: N_I Scale ,, .030
ii ?

:. IJLTO_OOOIAOA
• .DRAWING NUMBER • VL'?O-OOO1AS

OIMENSION: . FULL SCALE MOO/:L <,'_' •

Length (o:m M St_ Xo=1233.0) - IN. 32%000. 9.810

M=x Width (Q Xo=lkSO.O) - Tt!. %.5 ...... 2.8_;S0

Max Depth (@Xo-1493.O) - IN. I09.000 ,_?_.
n

' FinenessRdt;o

.
Max Cross-Sectional ._. ___._

Planform i

, Wetted j HII I_

i r IJL •

e . Q_

• e

o

• ° .

1
"e

! •

• i

/ , 32
I'
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TABLEIll. - Continued.

MODEl, ¢OHPONENT: BSRHNOZZLES- N25_,e-%

tJi__ I L J ...............

G_I_RAL DESCRIPTION: _onfiP'lz'e,t, ion 3A 9S._M ._'ozzleg

I I _ I _ I _ LI L .... _ J_

" ' -- II I ]j .......

Model Scale : .030
I [ J L I I I 'q_lS_ f _ I I

DRAWINGNO. vt.77-O..,C_ _.._
e

DZIWZNSIONS RJLL-SCALE MODEL SCAUE
• e

MAOt.,'_J.
,,

DIA'VPETERDEX _ IN (One t_ozzle) 3/_o3 4.2390
I I

DIAM_'ER DT .-. IN

DIN_TER D_ _ IN "_
II | I _ i

=

. _ ,,,DEG_ES

_J_ZA-FT 2 (One_;ozzle)
CROSS-SECTIO.'OJ, 108.89595 0.09801

I

_;I_AL ORIGIN X9 __ ,,_ Yn Zo

LZ_ I,,"OZZ.Le,.. _:. F.S. 1825.3 -2_3 ,t,O0
I _ -- i i _ _ emmimmlml_imm,lm

RIGHT NOZZLE;.--, IN. FS 1825.3 +2A3 _00
--_ .... J II ± _ iiii i i

_... NULL POSITION - D'D, PI'tCH YAW

" LEFT _OZZI.,E _8 +8

f!

i!;
I'

' 33
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TABLEIII.- Continued. ,

NOZZLES- N2_ *_NODELCOKPOHENT:. . . . ......... _ _i,

. 61RERALDESCRIPTION: CotzfL_-n',',.t!on _ 01_ ._o_lo IU _ _ _ I _ III

I ...... I I r_ 1 L rIB .....

r[I I I
__ [ I if _ _ I Jilt _ _ _ I _

Yadel Scale = .0:30
it , Ill , I If I L .... I J _ I I } --

#

DZME_ZOICS I_IL..,.qCALR HOOF.L,SC,_LF.
#

MAGI NO°
J 1

DIAMETERDEX ,'-IN (One noz-..le) - I II I _ • II I •

DIAI_'TER DT .., Ig
4P

* DI_ DL_ " IN
I ...... i

-DEGReeS
I

AREA - F_2 (one nozzle)

MAXCROSS-SECTIONAL.
_ _ I I

GZFBA/,ORIGIN 7,o Y. Zo
II ....

ZEFT NOZZLE,-. IN. 1518.O "'88.0 &92.0
I _ _ III I1 -- - I _ :

RIGHT NOZZLE .,. DI. 1518.0 *88.0 k92.0
_ _ J I L I I I II I ......

HULl. POSZTIOX PITCH YAW
• II I L

LEPT F.O,,_U_.(tIullPitch 15%9'; YLw 12°17' +_o _'2"7'_'_'_- 2030' ]'liB'0
OUTa*O) ' +80 _ 1y iT' O'T_':)

I_T_C-_ NOZZI_(]:_!I Pi_ch 150_9L:¥_w 12°17'
OUTB'D) .PiT'J:_'b

[

_ 34
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• TABLEIII.- Continued.

Is-- ' RUDDER- R5
" _Jl MODELCOHPOHENT: ,:_;

GENERALOESCRZPTZON:2A, _mnd ._,_.Cont'tp,_tion. per Rock11 Llnee ,

m i i , _ i i|

i i iN i il i

' )lode1 S_le - .030
ii i i II i i

DRAHINGNLIHBER: .yL'/O-O00095 _!

.DI_NStONS: FULL-SCALE HODELSCALE :

Area - 1_L'2 _.06.38 0:09S74

Span(equivalent.) - ZN. _01.0 0.0300

lnb'd equivalent chord _l.Sel_; 2_747SS

Outb'd equivalent chord _ .L 1.S2499

_-_ ....... Ratio n_vable surface chord/total surface chord

At lnb'd equiv, chord 0._00 0._00

At Outb'd equiv, chord . O./tO0 O.tjO0

SweepBackAngles, degrees " " _i

• Lead|ng Edge 3/. 8:1 3/_.83 i

• TatlIng Edge 26.:_5 _ !_

Hirlgellne Zt_.83 _

• Area Homent(Hormal to htnge 11ne)- _) _ 0.01420. J
Prodtlet ot_ Area and )lean Chord

35
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TABLE III. - Co, tinued.

.J
MODEL COMPONENTI BOOSTERSOLID ROCKETMOTOR- S1_I [ II _ m I IIIII

GENERAL DESCRIPTION= Cor_Lr.u_t, ion 3A, O_ 1"or (1) of (2) sides,I I

pet. Rock_el! Lines v!r,.99-OC.3c,_A .. _

_ ):

.Kodel Scale = .030
_' . , r

VL72-OOOO_SA
.DRAWING NUMBER . VL"/?-O000_6A

DIMENSION: . FULL SCA.I;.E,, MODEL _CALj

" Length (_cludos. Z.:oz_e) - _;. ].7/4.1.o0 52.2.300

Max Width (Ta_,.Di_) - IN. 1/_2.3 4.2690 .i i ,i

Mclx Depth (At't, Shroud) - IN. 192.0 5.7600

. Fineness Rot;o . 9.06771 " 9.06,.771 ..,

Amo - FT2

Max Cross-Sectlonol . 2q1.0619_I 0.18096qmam= m

Plonform iil ii

Wetted ....
t; Ik.e

:r ."

• I_oL' ES_2-!Cen%ez.lt_e (2'1") - Ii',1. __ &OO _- ].2.000

ot _sm__:ose(XT)- Zt;. __L 6.o0o__

8
t

• l
i il

36 J
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TABLEIll. - Continued.

_, ' T12_ _ MODEL COMPONENTI EXTERNALTANK-
' l -- i I ........

GENERAL DESCRIPTION*, -£xt,ez'ne,l Ox'y_enH:_ro_on Te.nk
i i I i i i I I

-iiii i i mm |_ I I

):OTZ: Identicalto T!! '__thextern_l fu_l llncz _dded
ii i I a L

_odel ,_.,_3e = n_0
YL78-OOOO31A

ORAWING NUMBER • VL78-OOOO:,IA ,

..D.IMENSION: .. . FULL SCALE MOD.__.EL._C¢-:_

Length - ZN, (t)ose Q XT = 309) 186_ , , ._55.95

• MaxWldth (D.'_) - IN. 32/+ ,, 9.7,2

"" , Max Depth

. FinenessPatio 5.75617 " 5.75617ii L --
.*

Area - /T 2 ",

_" Max Cross-Sect;onol 572.555 .5153

_" Planfarm "
II Ill I __ -

, Wetted
In

_'• Base
ill i i i i

• WP of T_nk Centerllne (kT) - IN. _. _00_-0......

' " .... • I • •

• • ° * _

O

L'
a7

2'

I

p
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'TABLEIII.- Continued.

N)O_L COHPONEITr:VERTICAL V8

QBIERALDESCRIPTIOn: Cont"t<,,,._t!on)AI I I I I I :_

. . .NOTE" S!_!lcrto V5 w_.th_v.d!uson TE.u_Fercn_..erend Lv lowerccn'..er

......... ___elPeve_!c_l meetsfusel_-e. , ...... '
t

.... Me4el Sc_,$e,= ,030 , , L ,,,
' VLTO-OOOiAO_

oP_._.._.NU_ER: VLTO.OOO_A _ " ,

Ox_Nslo__: rUU...SCA_E,mO_.SCALE.
i'

TOTALDATA

Area (Theo) Ft.2 ,kl) .253 =0",,719_ ::
Planform

s'p_(T.eo) In • 3!5.7_o, _ ;Aspect Ratio _ - .... _ , :,
Rate of Taps," O._07 . O. ,5t_7 , :

,,m _Taper Ratio 0._0399 _ i
_r_eepBackAngles, deg_es ; ,.

• .... Leading Edg,_ _,00 &T.O0 _ iI II ,_

T_tltrtg Edge ,2).?_7 25.%?,
0.25 Element.Line _.1_0

_o_s:
ROOt,(Theo) WP _68. _._0,

i08.&70_ _, 25410
_ {Thao) lq9,_80'756 5.99425
FUS. Sta. of .25 MAC _
W. P. of .25 MAC _ 19.06s66
B. L. of .25 MAC 0._ o.o_

Atmoil SectAon
Leading WedgeAngle Oeg 10.00 i,,,, IOe,'_O- "

Tratltng WedgeAngle Beg _ _ il
"LeadingEdgeRadius (I_Ln)- IN. _,.C_9 0.060

Void Area 13-_v o.onss" _
• Blanketed Area o._ O_co- ii

•
38
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" '" " TABLEI I I. - Concluded. . "_"'"

MODELCO,_ON&_T: WING- W|]6

(:, .....
GENERALOESCRIPTI_I" Con£iguration 4i i i i im

• NO_: Identical to W|I_ except airfoil thickness. Dihedra! an_.te is clone ..

traillnee.dee Of wln_. . "
• • :r

MOdel Scale = .030 !i

............._,ST _0. • .l_S. NO. .... *

OZME.szo.s- FULL-SCE, SC E :
TOTAL DATA
-' ; reaO.eo.) etz

• Planform . . . _ _..._.z.42_10_
Span (Theo In. 936.6816 _ ,
Aspect Ratio .. _ 2. 265 _,
Rate of Taper "" 1.177
Taper Ratio O: 200 o. 200 ,
Othedral t_gle, deg_es(at Xo=ISO6.OZs,Yo= - 3.500- . 3..500 i
Incidence Angle, degrees lOS, Zo= 282.75) o.500 _ 0.500

' _ Aerodjnamlc Twist, degrees. _s.ooo ,3.090
Sweep Back Angles,degrees • • --

Leading Edge 45.00 45.00
: Trailing Edse

0.25 Element Line _. ' 3S.209 .-
Cho_s:

Root(Thee)B.P.O.O, _
Tip, (Theo} B,P, 137.8486

" 474.8u
• Fus. Sta. of .25 MAC 1126.721
..W.P.of .2S MAC _gz;oo:::

• B.L, of .25 HAC -., ..187.35491
EXPOSEODATA "'.
_0}. FtZ'" 1812.2205 1.63010

• Span, (Theu) In. BPI08 . '7.36.6816 :
" "" Aspect Ratio .. " : 2,0S_ : 2.058 _

Taper Rat.to '"." " " . 0;2451 _ 0.2451
Chords " "- "- ."

•Root BPI08 "," : _ 17.11869
• Tip 1.00 b . • . _ 4.1;_54,..

•MAC '_' " " 3S4.,2576 .._
- Fus. Sta. of .25 MAC _1164.237 ':

: W.P. of .25 KAC _292.00 .. .._
• - B,L. of .25 VAC _ .._.

Atrfotl Section (P_)ckwell _1odtlASA)
; XXXX-64
; • P.OC_b = 0.425 ' 0.11_ 0.113

I l I JL I

T • °"

; o • ' •

Tipb = "1.00 .' • " 0.12 0.12
v :
Elf

Data for (1) of (2) Sides

Leading EdgeCuff 9
Planform Area Ft." iJe.3z_ :

,. Leading Edge Intersects Fus 14. L. 0 Sta _O,_o lS.ZS'ooo
L_ Leading Edge Intersects Wing lOO3_.s

_ : '. 39
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-_ TABLE VII. - ORBITER BASE, BODYFLAP,AND OHS NOZZLEPRESSURE

ORIFICE LOCATIONS

ORBITER BASE

- ORIFICE !
LOCATION NUMBER :

,,-- i, ..

Orbiter Sting Cavity I .i

Orbiter Base (Lower Left Corne_) 2 ,

C_ Nozzle Base 5

data in datasets RB3CXX _ _

RUDDERFLARE BASE BODYFLAP

I RUDDER It _ Zo X/Cv ORBITER_ Xo _Deg

FULL _ODEL .75 FULL [MODEL 0 40
, ,,. • , I• 725 , 18.75 4 1555 46.65 169 i70J , i

625 21.75 5 UpI_r
t 1590 47.70 173 174

data in datasets RB3CXX _6wer
1590 47.70 171 172

data in datasets RB3FXX _:

LEFT 0_ NOZZLESURFACE

X_ I_. FWD. .ii
NOZZLEEXIT ._ _ DEG. i

i i u , ii u

FULL HODEL 135 180 225 _

10 .50 175 176 177 ._
, m,, _,

i
20 .60 178 !_

data in datasets RB3EXX

f

,r' i 43

. .t . _.... _

i 00000001-TSD06
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:'[J" ..- TABLEXI. - EXTERNALTANKATTACHPOINT PRESSUREORIFICE LOCATIONS

XTFull............ F ....
Stale 1!03 1093 1083 1073 1069 1053 10&3

[,

XT Model
Scale 33 •09 32.79 32.49 32.19 31 •89 31.59 31.29

XT/ZT .L,_,i ._9 ._ ._o8 ._o2 .397 .:391
I

DI_°

68_ 676 668 660 182.84 t'F,'_D
ATTACH 685 677 669 661 186.38
POi_ "l'

(ORBITEP, 686 678 670 662 6_5 189.92
TO E-T) I l II I

687 679 671 663 656 652 193._6

-" 688 680 657 653 651 197.0

689. 681 673 665 658 65_ 200,5&

690 682 67& 666 659 20&.08

691 683 675 667 207.62

data in datasetsRB32XX

,°.

47 1

O0000001-TSDIO



' b

' TABLE lI. - EXTERNALTANKATTACHPOINT PRESSUREORIFICE LOCATION - ContJnue_

XT FULL 1874 186_ 1856 18_ 18"J_ 18_I_ ].SQJ_SCALE
i

XT MODELiSCALE56.22 55.92 _P.62 5S.32 55.02 ._.'t2 5_.k2

_T/£T .839 .8_ .828 .823 .8].8 .8].2 .807

DEG.
i

719 713 707 222.S4

l=h'D 720 714 708 701 226.38
DRAG
LINK 721 715 709 702 696 229.92
ATTACH

POINT 722 7].0 703 697 693 233.46

?0/+ 698 694 692 237. O0

699 695 240.54

723 718 712 706 700 244.08

data tn datasets RB32XX

o

t

O0000001-TSD11



' I I I ; _ o' I:'_. b J

TABLEXI. - EXTERNALT_K_T_H POINTPRESSUREORIFICELOC_I_ - COn¢l.ded.

m, i

XT FRILL 2078 20(_8 2058 2048 2038 2028 2018•ALE .

XT HODEL 02.34 62.04 61.74 61.44 61.14 60.84 60.54SCALE
ml

XT/_ ._48 .943 .938 .93Z .927 .921 .916
i

'b DEG.

777 766 734 234.04

- 778 767 755 742 237.58
i

i I 779 768 756 743 732 241.12
J i

: AFT 780 769 744 733 726 244.66
' ; UPPER
_i ," ATTACH 781 770 1745 734 727 724 248.2

746 735 728 251.74
i "' i

_: 771 759 747 736 255.28
i i'

:: I 782 772 7_0 523.51

: : 783 773 761 748 327.05; "J

__'_ l,m nml Ill

: ,i 784 774 762 749 737 330.59
- AFT ................

J

, LOWERI 785, 775 750 738 729 334.13
: ATTACH
", 786 776 - 751 739 730 725 337.67
' i

752 740 731 341.21
I . , i i i

:: 765 753 741 344.75

, data in datasets RB32XX

, _ "
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TABULATEDFORCEDATA

Tabulations of plotted data are available
on request from Data ManagementServices.
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